ABSTRACT. To investigate the relationship of polymorphisms in the cholesteryl ester transport protein (CETP) gene with coronary heart disease (CHD) and diabetes in subjects of Uyghur and Han Chinese origin, 266 subjects with CHD including 154 subjects with type 2 diabetes mellitus and 136 healthy subjects (as a control group) were enrolled in this study. Polymerase chain reaction and an enzymatic assay based on the ligase detection reaction were used to detect R451Q polymorphisms in the CETP gene. The data were used for genotyping to determine the allele frequency distribution of the CETP gene R451Q polymorphism to investigate its effects on lipid and apolipoprotein levels. Genotype and allele frequencies of CETP R451QA did not show any significant differences among the CHD and healthy control groups. Moreover, no significant difference in the CETP R451QA genotype and allele frequency was detected among the subjects of Uyghur and Han origin. Blood levels of lipids and apolipoproteins likewise lacked an association with CETP R451QA
INTRODUCTION
Cholesteryl ester transfer protein (CETP) is one of the most important determinants of plasma high-density lipoprotein cholesterol (HDL-C) levels. A large amount of epidemiological data indicate that CETP levels in plasma is related to HDL-C, low-density lipoprotein cholesterol (LDL-C), apolipoprotein A1 (ApoA1), and other lipids and lipoproteins, and that CETP may be involved in the regulation of lipid-particle size (Liu et al., 2002; Lu et al., 2003; Barter et al., 2007; Papp et al., 2012) . This relationship may be affected by certain lifestyles and physiological factors, including drinking, smoking, blood pressure, body mass index, and physical exercise. Studies with transgenic mice expressing CETP at different levels have shown that the levels of HDL-C, chyle microparticles, very LDL (VLDL), intermediate-density lipoprotein (IDL), and LDL in plasma changed with changes in CETP concentration. CETP in plasma mostly binds to HDL, and the components containing ApoA1 lipoprotein are closely associated with the occurrence and development of atherosclerosis.
CETP is a hydrophobic sugar protein composed of 476 amino acids. It mainly mediates reverse transport of cholesterol, transporting excess cholesterol in cells of the peripheral tissue to the liver via HDL for metabolization. VLDL, IDL, and LDL are transported, and IDL and LDL are degraded by LDL receptors in the liver, whereas triglycerides (TG) are transported in the opposite direction at an equal molecular ratio. Thus, HDLs become rich in TG and are hydrolyzed by hepatic TG lipase. The HDL particles may be recycled, thereby accelerating cholesterol efflux from peripheral tissues and maintaining stability of intracellular cholesterol levels. The expression of the CETP gene plays a decisive role in the transfer of lipids and lipoproteins in vivo. Artificial alteration of CETP activity causes changes in lipid metabolism. For example, intravenous injection of CETP monoclonal or polyclonal antibodies results in changes of lipoproteins that include increased levels of HDL-C and decreased levels of VLDL-C and LDL-C.
Studies have shown that the CETP gene determines levels of HDL-C, and that it is an independent risk factor for AS and cardiovascular disease (Park et al., 2003; Spielmann et al., 2007; McCaskie et al., 2007; Kathiresan et al., 2009; Papp et al., 2012; Khovidhunkit et al., 2012) . The relationships of gene polymorphisms in CETP with coronary heart disease (CHD), blood lipids, and lipoproteins and apolipoproteins have been extensively studied, but were found to be inconsistent (Boekholdt and Thompson, 2003) . Studies of polymorphisms in the CETP gene have mainly focused on the Japanese population, in which the rate of CETP gene mutations is high (up to 7% in certain sites) and gene mutations involving multiple loci and having familial associations may exist.
Studies of CETP gene polymorphisms in other populations, such as Australian immigrants and Jewish groups, and from North America, Europe, and South Korea have also been reported (Inazu et al., 1994; Yamashita et al., 2000; Ordovas, 2000; Ordovas et al., 2000) , but CETP mutations were identified in Caucasian Europeans and Americans. It is suggested that the CETP gene in people of different race has different mutations. The first place of the 14th intron of CETP occurred in GA mutant lines, mutation frequency of R451Q is low; however, the activity of the mutant CETP protein is often very high, and, therefore, it has a certain value for research.
The incidence of CHD and diabetes is high in the Xinjiang Uyghur population, but the CETP gene R451Q polymorphism has not been reported from this population, and the relationship of the CETP R451Q polymorphism with CHD is not clear. Therefore, to determine the relationship of the CETP gene polymorphism with CHD and diabetes in subjects of Uyghur or Han origin, this study was designed to investigate the distribution of the R451Q polymorphism of the CETP gene in these groups; its relationship with CHD and diabetes; and its effect on blood lipids, lipoprotein, and apolipoprotein levels, to provide a scientific basis for early diagnosis and prevention of these diseases.
MATERIAL AND METHODS

Study subjects
From January to September 2008, 266 inpatients in the heart center of the First Affiliated Hospital of Xinjiang Medical Center were selected. These subjects included 196 males and 70 females who had a clear history of acute myocardial infarction or whose angiographies indicated ≥50% stenosis of at least one main artery and who had a history of typical angina pectoris. Of these subjects, 154 (110 males and 44 females) also had diabetes mellitus. All of the subjects were not treated with any lipid-lowering drugs within 2 weeks before the examination, and the following subjects were excluded: subjects with cerebrovascular accidents or those with peripheral vascular disease, tuberculosis, malignant tumors, blood diseases, autoimmune diseases, thyroid disease, chronic liver disease or kidney disease, or with a history of these diseases. Diabetes in the selected inpatients was diagnosed according to the International Diabetes Asia Pacific diagnostic criteria.
In total, 136 healthy volunteers (76 males and 60 females), identified by an examination in the Examination Center of the First Affiliated Hospital of Xinjiang Medical and inpatients who were diagnosed as free from stenosis in coronary angiography during the same study period, were selected as the control group. To qualify as healthy, absence of the following conditions was required: hypertension, diabetes, CHD, cerebrovascular accident, peripheral vascular disease, tuberculosis, malignant tumors, blood diseases, autoimmune diseases, thyroid disease, chronic liver disease or kidney disease history, or an electrocardiogram (ECG) indicating an abnormal condition.
Methods
General information about the inpatients was collected through questionnaires and past medical history. A routine physical examination, 12-lead ECG, and blood biochemical parameters of the selected inpatients were conducted.
Collection of blood specimen
After 12 h of fasting, on the next morning, the height, weight, and blood pressure of the inpatients were measured and the body mass index (BMI = body weight [kg]/height [m 2 ]) was calculated. In total, 3 mL blood was collected and serum was obtained through centrifugation. A routine biochemical examination was performed and another 3 mL blood was collected and stored at -80°C for DNA extraction.
Routine determination of blood biochemical parameters
The serum total cholesterol (TC), TG, HDL-C, LDL-C, ApoA1, ApoB, and fasting blood glucose (FBG) were detected and measured by clinical laboratory professionals.
DNA extraction and genotype analysis
A genomic DNA extraction kit (Shanghai Sangon Limited Company) was used to extract genomic DNA.
Primer design
According to the sequence of the CETP gene given in the literature (Kakko et al., 1998; Maruyama et al., 2003) , the following primers were designed: upstream primer (5'-AGCCCT CATGAACAGCAAAG-3') and downstream primer (5'-CCTCTGTCTGTCTCCCCAAC-3'). PCR amplifications were performed in a Perkin Elmer Gene Amp PCR Systems 9600 with the following thermal cycling protocol: 95°C denaturation for 10 min, followed by 35 cycles of 95°C for 30 s, 60°C for 50 s, and 72°C for 60 s; a final extension step was performed at 72°C for 10 min. The PCR products were analyzed by an enzymatic method based on NEB's Taq DNA ligase enzyme system and supporting software. It included 100 µL 10X buffer, 100 µL of the Probe MIX containing 5 U ligase, and 695 µL deionized water. After mixing and centrifugation, 1 µL PCR product was added to 9 µL ligase enzyme mix.
Reactions were performed in a Perkin Elmer Gene Amp PCR Systems 9600, and consisted of 1 cycle of 95°C for 2 min, followed by 35 cycles of 94°C for 30 s and 60°C for 2 min. The LDR connection product (1 μL) was mixed with 1 μL ABI GS-500 ROX fluorescent-labeled molecular weight standards and 1 μL to sample liquid in ion carboxamide. The samples were heat denatured at 95°C for 2 min, quenched on ice, and subjected to electrophoresis for 2.5 h in a 5% polyacrylamide and 5 M urea at 3000 V. Data were collected with the GENESCANTM672 software and the GeneMapper software was used for data analysis and genotyping.
Statistical analysis
The SPSS13.0 software package was used for statistical analysis. The gene and genotype frequencies of the CETP R451Q polymorphism in the CHD and control groups were determined by gene notation, and the chi-square test was used to determine the genotype and allele frequencies and to test for Hardy-Weinberg equilibrium. The chi-square test was also used to compare the genotype distribution and allele frequency in the CHD group, CHD with diabetes group, and the control group. For the measurement data, t-test, single-factor variance analysis, or the multiple-rank sum test for independent samples was used depending on whether data had a normal distribution and had homogeneous variances. A bilateral probability of P < 0.05 was considered as statistically significant.
PCR product of the ligase detection reaction
In total, 377 sequences were analyzed by electrophoresis. Probe: Probe name sequence (5'-3') LDR length RS1800777_MODIFY P-GAGTGATAATCTCAGGGTTGATGATTTTTT TTTTTTTTTTTTTTT-FAM RS1800777_ATTTTTTTTTTTTTTTTTTTTGAGGGGGGC TTTGTACTCACATCTT 90 RS1800777_GTTTTTTTTTTTTTTTTTTTTTTGAGGGGGG CTTTGTACTCACATCTC 92 (Figure 1 ). 
RESULTS
Clinical data and biochemical indicators in the two groups
The mean age of the patients in the two groups was higher than that of the control group (CHD with diabetes group, LDL-C rank sum test).
The BMI, TG, LDL-C, ApoB/A, and LP-a of the subjects in the CHD group were significantly higher than those of the subjects in the control group (P < 0.05). On the other hand, the ApoA1 of the patients on CHD group was significantly lower than that of the patients in the control group (P < 0.05).
The BMI, FBG, TC, TG, ApoB and ApoB/A, and LP-a of the subjects in the CHD combined with diabetes group were higher than those of the subjects in the control group (P < 0.05), whereas HDL-C of the subjects in the CHD combined with diabetes group was lower than that of the subjects in the control group (P < 0.05) ( Table 1) .
R451Q polymorphism and coronary heart disease with diabetes
The Hardy-Weinberg test indicated that the genotype distribution of the CETP R451Q locus was consistent with the law of genetic equilibrium and consistent with the distribution of the allele frequencies in different ethnic populations.
Genotype frequencies and allele frequency distribution of the CETP R451Q polymorphism
The homozygous AA genotype for the CETP R451Q polymorphism was not detected in the two populations in this study. The mutation frequency of the CETP gene R451Q in the CHD group was 4.5% (5/112), that of the CHD combined with diabetes group was 3.9% (6/154), and that of the control group was 3.7% (5/136). The allele frequency calculations did not meet the conditions of the chi-square test. Results of the Fisher test indicated that the mutation frequencies in the CHD groups and the control group were not statistically significant (P > 0.05). The allele frequency was 2.2, 2.0, and 1.8%. Although the A allele frequency of the subjects in the CHD group was higher than that in the control group, this difference was not statistically significant (Table 2) . Table 2 . Genotype frequencies and allele frequency distribution of the CETP gene.
Blood lipid levels in the subjects from the CHD group with different CETP gene R451Q genotypes
No statistically significant differences in the levels of blood lipids and blood glucose were detected among subjects from of the CHD group with the GG and GA genotypes (Table 3 ).
Blood lipid levels in the subjects from the CHD combined with diabetes group with different CETP gene R451Q genotypes
No statistically significant differences in the levels of blood lipids and blood glucose were detected among subjects from of the CHD group combined with diabetes group with the GG and GA genotypes ( 
Comparisons of genotype and allele frequencies in Uyghur and Han subjects
The Uyghur subjects had frequencies of the AG genotype and G allele that were higher than in the Han subjects, but this difference was not statistically significant. There was no significant difference in genotype and allele frequencies between the control group and the CHD group (including the CHD with diabetes group) when subjects were matched according to ethnic origin.
When the two different ethnic groups were compared, the genotype and allele frequencies of the Uyghur subjects were higher than those in the Han subjects, but this difference was again not statistically significant (Tables 5 and 6 ). 
DISCUSSION
Epidemiological studies have shown that some Japanese families with high-HDL hyperlipidemia have high frequencies of the mutation D442G in intron 14 of the CETP gene, and the frequency of the GA mutation in exon 15 was also high. These mutations cause changes in the quantity, shape, and function of HDL and LDL. The R451Q mutation is found only in Caucasian populations in Europe and the United States, ranging in frequency from 0.019 to 0.038. In a Chinese Han population study, the R451Q mutation was not detected, indicating that this mutation is very rare in Han Chinese. Rejeb et al. (2012) reported that the Q allele of the R451Q polymorphism is associated with a decrease in HDL and an increase in ApoB and risk of CHD.
The incidence of CHD in Uyghur subjects is higher, and it is important to determine the genetic basis for this increased susceptibility to CHD in this ethnic group. This study found that the G/A mutation rate in the Han and Uyghur subjects in CHD and control groups was very low, and the homozygous mutation was not detected. In addition, no difference in frequency of the heterozygous R451Q gene mutation was found between Uyghur and Han subjects. Moreover, mutation frequency and blood lipid levels were all very similar in the Uyghur and Han subjects and in the CHD, CHD combined with diabetes, and control groups. In this study, the G/A mutation frequencies in subjects of the CHD, CHD combined with diabetes, and the control group were lower than those in the subjects from the Japanese population, which was consistent with domestic reports. Although different races may carry different gene polymorphisms, this gene polymorphism was not different in the Han and Uyghur populations. The results of this study suggest that the R451Q polymorphism in the CETP gene is not one of susceptibility genes for CHD in Han Chinese and Xinjiang Uyghur. However, because of the small sample size, further studies are still needed.
The variation in the association of CETP with different population groups and with CHD and plasma lipid levels is due to different genetic backgrounds, environmental effects, and different clinical criteria. The structure, function, and metabolism of lipoproteins in the patients with CETP gene mutations, especially CETP mutations affecting metabolic regulation of HDL levels, require additional detailed studies to determine the relationship between CETP and atherosclerosis at the molecular level, to correctly evaluate the pathophysiology and clinical significance of CETP. Table 6 . Comparison of genotype and allele frequencies of the patients with CHD combined with diabetes in Uighur and Han.
